A number of commercial human and bovine albumin preparations were compared using seven assay procedures, to assess their suitability as reference materials for albumin and total protein assays. The results indicate that before a particular commercial albumin preparation can be used for standardisation purposes, its suitability should be checked in several assay systems which measure a different functional aspect of the protein molecule. The measurement of extinction coefficient in the range 278-280 nm does not appear to be a valid measure of protein content if the albumin preparation is to be used for standardisation of immunochemical or dye-binding assays.
The aim of this study was to compare various commercial preparations of bovine and human albumin to determine their suitability as reference materials for albumin and total protein assays. Although many recommendations have been made on the standardisation of total protein and albumin assays (Pastewka and Ness, 1965; Peters, 1968; Doumas et al., 1971; Booij, 1972; Doumas, 1975) , no absolute standard is readily available. Recently, the IFCC expert panel on proteins made further recommendations on standardisation of total protein assays with a view to producing a small amount of reference material for use with the biuret reaction (Coles, 1975 personal communication) . In the present study, as such an absolute standard was not available, the results obtained are purely comparative.
It was considered that if each preparation was assayed simultaneously by various methods, any differences between preparations obtained by all or any of the methods would reflect their suitability as a reference material.
Materials, methods, and results 'Present address: Clinical Biochemistry Department, Flinders Medical Centre, Bedford Park, 5042 South Australia The assay methods were chosen with regard to their Laurell, 1966 Mancini .1 01., 1965 Depends on the formation of a purple coloured complex of copper in alkaline solution, with two or more carbamyl groups joined directly or through a single atom of nitrogen or carbon Depends on 'specific' dye binding: sites on molecule. Indicator dye produces spectral shift on binding-for BCG this is measured at pH 3·8 and 640 nm tendency to measure a different property of the protein molecule. Table 1 lists the methods used and the function of the protein molecule which they purport to measure. Methods which are not specific for albumin (for example, Biuret and Lowry) were included as (a), they measure a particular Bovine albumin fraction V characteristic of the protein and (b), if the albumin preparations were uncontaminated by significant amounts of other protein fractions, the total protein as measured by these methods would represent total albumin. The protein preparations were chosen with regard to their assumed purity. Table 2 lists the human preparations and Table 3 lists the bovine preparations which were used. In addition to 'pure' protein preparations, three muiticomponent human reference preparations were also included. These multicomponent preparations were not included for biuret, Lowry, or A280 measurements.
As no absolutereference preparation of albumin was available, it was decided to use the mean instrumental reading for each method as the reference point for that method. As all assays for a method were carried out within the same batch, the raw instrumental readings for that batch, corrected to unit weight of protein, were averaged to provide a reference point (definedas 100%) by which to judge all other weightcorrected readings within that batch. Bovine and human preparations were considered as separate groups with individual means. Each method was checked for its linearity of response over the range of protein concentrations being considered. The Behringwerke human preparation 4464 and the Schwarz-Mann bovine preparation V3924 were used for checking linearity.
All methods were shown to give a linear instrumental response far exceeding our narrow working range of protein concentrations. Each of the solid albumin preparations used in this study was accurately weighed and dissolved in 154 mmol/l NaCI to give a known albumin concentration of about 40 gil. Dilutions of these stock solutions were made as required for the particular method. The liquid protein preparations were used as such, dilutions being made as required.
Each preparation was assayed in duplicate by the various methods. The results obtained for human albumin are given in Table 4 while those for bovine albumin are in Table 5 .
The protein purity of the preparation was checked by carrying out immunoelectrophoresis in agarose gel (WunderIy, 1961; Grant and Butt, 1970) and single crossed immunoelectrophoresis in agarose gel (modified from Clarke and Freeman, 1968) on each preparation using whole human or bovine antisera obtained from Behringwerke. The presence of other immunoreactive substances by either, or both, of these methods is indicated in Tables 4 and 5. The antisera used for the quantitative immunological methods were obtained from Behringwerke (human and bovine) and Technicon (human). Behringwerke antibovine albumin, batch number 2124AL, was used for all methods on bovine albumin preparations. Behringwerke antihuman albumin, batch number 2248G, was used for all methods on human albumin preparations and in addition Technicon antihuman albumin, batch numbers B3D633 and B3D637, were used for the automated immunoprecipitin method. tained preweighed in sealed ampoules, all solid preparations were stored in an evacuated desiccator over silica gel at 4°C for a minimum of three weeks before preparation of the working solutions. After gradual repressurisation of the desiccator and equilibration to room temperature, the protein preparations were removed as required and quickly weighed in stoppered weighing-bottles. Preliminary experiments had shown that this produced consistent protein weights. Although this procedure does not guarantee an entirely moisture-free preparation, it was assumed that a similar moisture content would result for each protein as the desiccating and weighing operations With regard to the automated immunoprecipitin method, each human protein preparation was assayed in duplicate using Technicon antihuman albumin, batch number B3D633, and singly for both Technicon antihuman albumin, batch number B3D637, and Behringwerke antihuman albumin, batch 2248G. The results obtained with each antiserum, within methodological error, were identical, the average being given in Table 4 . Table 6 summarises the precision for each method. The within-batch precision (coefficient of variation, CV) was determined by the difference between duplicate specimens as described by Whitby et al. (1967) . Overall precision was determined from repeated observations on the same specimen assayed at different times during the period of this investigation. The CV for non-paired data was calculated in the usual manner (Whitby et al., 1967) .
Discussion
Apart from the comparative methodological and immunoelectrophoretic aspects already described, no attempt was made to determine other aspects of chemical purity such as those described by Peters (1968) . In particular, water and ash content were not determined. With the exception of the Dade and American Monitor preparations, which were ob- Precision (CV%) were the same for each preparation. As all measurements were comparative, this 'constant' but unknown amount of moisture should not influence the overall results.
Type of precision
Some manufacturers enclosed good analytical reports with their products while others gave little or no analytical data at all. In view of this, and the fact that claims of purity have not all been verified, no attempt has been made to assess purity except for the presence of non-albumin immunoreactive components. A brief summary of manufacturer-supplied data is given in Tables 2 and 3. As stated, the results presented in Tables 4 and 5 are purely comparative. In general the human preparations have less non-albumin protein contaminants than do the bovine preparations as judged by immunoelectrophoresis. This, however, should probably be expected as a number of the bovine products were straight Cohn fraction V preparations. The bovine products also appear to have a large variance in their biuret and Lowry reactivity as judged by the values for 'method statistics'. This seemedsurprising as it was considered that the biuret method in particular should be the least sensitive to changes in tertiary protein structure.
The immunochemical methods, which one might suppose to be sensitive to structural changes, showed much less variance than expected between the various bovine products; the human products showed consistent biuret and Lowry reactivities with, however, large variances between products by the immunochemical methods.
Consistency for a given product by the various assay methods is shown in Tables 4 and 5 in the columns headed 'product mean' and 'product SD'. It was considered that a product with a mean assay value near 100 and with a low standard deviation (SD) would give the most consistent values when used as a standard for various assay methods. Among the human albumin products the Calbiochem 000126, the Sigma 83C 8130, the Schwarz-Mann V4414, and the Behringwerke 4464 preparations appear reasonably good, although this Calbiochem preparation contained a trace of contaminating protein.
The Sigma 7OC-3200preparation, which is listed in Table 2 only, had been on hand in the laboratory for some considerable length of time and showed a wide variation of reactivity (product mean 94, SD 22). Although this material had been stored in a desiccator over silica gel at 4°C, all data shown in Table 4 were calculated excluding results for this preparation.
The bovine albumin preparations appeared to give less variation between methods as shown by the product SD, although the product mean of several samples differed markedly. A number of good preparations with a low amount of contaminating protein appear to be available. The American Monitor preparation had a consistently higher reactivity for the various methods as shown by the higher product mean.
As others have shown (Pastewka and Ness, 1965; Doumas et al., 1971; Booij, 1972) , it cannot be assumed that commercial albumin preparations are suitable for standardising total protein or albumin assays. Each preparation should be checked in a variety of assay systems which measure a different functional aspect of the molecule before it can be concluded that a particular preparation is suitable for general standardisation purposes. This is particularly true for standardisation of dye-binding or immunochemical assays systems. For instance, the measurement of extinction coefficient in the range of 278-280 nm does not, by itself, appear to be a valid measure of protein content if the preparation is to be used for standardisation of immunochemical assays.
